Cerebral venous sinus thrombosis (CVST) is generally treated with anticoagulation therapy, however, endovascular therapy is considered for refractory cases. A 42-year-old woman presented with a progressive disturbance in consciousness, and diagnosed CVST in the straight sinus (SS). Recanalization of SS was achieved by emergent thrombectomy using aspiration catheter and stent-retriever system, and her level of consciousness improved immediately. The combined use of them aided the removal of the thrombus located in the SS.
Introduction
Cerebral venous sinus thrombosis (CVST) is generally treated with anticoagulation therapy; 1 however, endovascular therapy is considered for refractory cases. 2 CVST with deep venous drainage involving the straight sinus (SS) has a high risk for hemorrhagic infarction and a poor prognosis. 3 We experienced a case of CVST involving the SS, presenting with a progressive disturbance in consciousness. Thrombectomy using catheter aspiration and a stent-retriever system was an effective treatment.
Case presentation
A 42-year-old woman presented with a right occipital headache for a month. She experienced dizziness; 1 hour later, her level of consciousness worsened into somnolence. On neurological examination in the emergency room, she was in a comatose state with mild tetraparesis. Laboratory findings were significant for decreased hemoglobin (7.8 g/dl), decreased hematocrit (27.1%), elevated D-dimer (3.1 mg/ml), and elevated FDP (12.8 mg/ml). A plain computed tomography (CT) and plain magnetic resonance imaging (MRI; Figure 1 ) revealed thrombus in the SS, Galen vein, and bilateral internal cerebral and thalamic veins, as well as edema in the bilateral thalamus and corpus callosum. Conscious disturbance was not recovered after systemic heparinization, and endovascular therapy was performed.
Endovascular treatment
An arterial diagnostic angiogram revealed occlusion of the SS and right transverse sinus (TS). The right Labbe vein drained into the superior sagittal sinus (SSS) and Sylvian vein, and the right cerebellar veins drained into the right sigmoid and occipital sinuses. A 9-F sheath was deployed in the femoral vein, and a 9-F Optimo guiding catheter (Tokai Medical, Aichi, Japan) was placed in the right jugular vein. A Penumbra 5MAX ACE reperfusion catheter (Penumbra, Alameda, CA, USA) was then navigated to the right sigmoid sinus using a 0.035-inch wire; however, the wire could not pass through the occluded right TS. Subsequently, the guiding catheter was replaced at the left jugular vein and the 5MAX ACE was navigated to the confluence of sinuses (CS). Venography from the CS revealed the occlusion of the right TS and SS, with left transversesigmoid sinus, SSS, and occipital sinus patency ( Figure 2 (a)). A Marksman catheter (ev3, Irvine, CA, USA) and 0.014-inch wire (CHIKAI 14, Asahi Intec., Tokyo, Japan) was navigated into the SS through the CS and right TS (Figure 2 (b)), and venography from the SS revealed the thrombus at the SS (Figure 2 (c)). The 5MAX ACE could not follow into the SS due to the steep angle. Thus, a 6 mm Â 30 mm Solitaire FR revascularization device (ev3, Irvine, CA, USA) was deployed from the Marksman catheter and anchored into the SS, and the 5MAX ACE was able to follow into the SS (Figure 2(d) ). The Marksman catheter was then removed. The thrombus was captured by both aspiration and stent-retriever methods. Venography from the 5MAX ACE at the SS demonstrated excellent reperfusion of the SS (Figure 2 
Outcome and follow up
The patient's level of consciousness improved immediately after the procedure. She was discharged 10 days later, with no neurological deficits. Oral anticoagulation therapy was continued for 3 months. Follow-up CT 10 days after the procedure (Figure 3(a) ), and MRI at 6 months after the procedure (Figure 3 (b-c)), revealed the disappearance of thrombotic findings in the SS and deep veins, and the disappearance of edematous brain lesions.
Discussion
The firstline therapy for CVST is systemic anticoagulation. 1 Endovascular therapy for CVST is an accepted treatment in those who have failed anticoagulation therapy or a have a contraindication. 2, 3 Direct endovascular therapy with fibrinolytics has yielded mostly good results; however, in a systematic review, Canha˜o et al., reported an 18% hemorrhagic rate in those treated with local fibrinolytic infusions. 4 Direct mechanical rheolytic therapy with balloon angioplasty 5 or the AngioJet Device, 6 thromboaspiration using Penumbra aspiration catheters, 7 and clot extraction using stentretriever technology have been shown to improve recanalization, [8] [9] [10] [11] potentially reducing hemorrhagic complications by decreasing the required amount of thrombolytic. 12 Stent-retriever thrombectomy for sinus CVST was firstly reported by Froehler et al. in 2013; a Solitaire device was used for ipsilateral TS CVST, resulting in good revascularization. 8 11 The stent-anchor technique using a stentretriever and Penumbra catheter was performed in patients with ischemic intracranial vessel occlusion, and enabled the navigation of the Penumbra catheter to a distal lesion and combined clot removal by aspiration and stent-retriever methods. 13 In the present case, a 0.027-inch Marksman catheter was introduced into the SS; however, the 5MAX ACE could not follow because of the steep angle. Therefore, a Solitaire retriever was anchored in the SS, allowing the 5MAX ACE catheter to follow into the SS. The combined use of stent-retriever and aspiration methods greatly aided the removal of the thrombus located in the SS.
In the present case, the SS was thought to have drained into the right TS before the sinus thrombosis occurred, as the intra-procedural venography at the CS revealed right TS and SS occlusion, with SSS, left TS, and occipital sinus patency. We speculate that a sinus thrombosis at the right TS progressed into the SS, resulting in the SS occlusion. Removal of the thrombus at the SS and the junction of the SS and right TS allowed drainage from the SS to the left TS via the CS. The degree of angulation at the junction of the CS and SS may render selective catheterization of the SS particularly difficult. Park et al. reported that the SS drained into the center of the CS, left TS, right TS, and occipital sinus in 58%, 36%, 3%, and 3%, respectively. 14 Therefore, catheterization to an occluded SS is difficult due to variations in anatomy, including a steep angle between the TS and SS. thus, the most maneuverable and flexible devices should be considered for SS thrombolysis and thrombectomy. 10 The combined use of the aspiration device and stentretriever with the stent-anchor technique was very useful in the present case, given the easy handling of device navigation. 
